We investigated a case of maxillary sinus infection caused by the medusoid mutant of the basidiomycetous fungus SchizophyUum commune. Morphologies of both typical and medusoid forms of S. commune were determined. Prior reports of pathogenic homobasidiomycetes are discussed.
Homobasidiomycetous fungi such as mushrooms, shelf fungi, and their relatives are widely recognized by their fruiting bodies. Some are plant pathogens, some are mycorrhizal fungi, and others are saprobic. Some are harmful to humans upon ingestion because of the toxic or hallucinogenic compounds they contain. Only rarely have any of these fungi been associated with human infections. In 1950 Kligman (8) reported that Schizophyllum commune was the first homobasidiomycete discovered to be a possible etiologic agent of human infection. The sporophore of the fungus grew and matured in culture directly from nail fragments. Unfortunately, the fungus could not be reisolated. Batista et al. (1) recovered S. commune from cerebrospinal fluid of a patient who had atypical meningitis. The fungus was recovered again in cerebrospinal fluid from the same patient 4 months later. McGinnis (9) included this organism in his list of fungal meningitis agents. Ciferri et al. (2) isolated S. commune on three different occasions in sputum from a man with a lung disorder. Restrepo et al. (12) repeatedly isolated S. commune from a large lesion that had perforated the hard palate of a four-month-old girl admitted for vomiting, diarrhea, and dehydration. Biopsies of the lesion showed invasion of the epithelium and submucosa without involvement of the small blood vessels.
The only other homobasidiomycetes reported to cause human infection belong to the genus Coprinus. In 1954 Emmons (5) noted that he had repeatedly isolated Coprinus micaceus from sputum of a patient with chronic respiratory disease. Speller and MacIver (14) and DeVries et al. (4) confirmed that Coprinus cinereus (identified as Coprinus delicatulus [4] Sinus contents were also streaked on Sabouraud dextrose agar (SDA) tubes at 30 and 37°C and on Mycosel (BBL) at 30°C. Mycelium developing from the streaks was grown on SDA plates and on potato flakes agar plates (13) at room temperature.
The cover glass sandwich technique (7) was used for temporary mounts in some cases. A flamed cover glass was inserted at an angle into an inoculated streak and through the agar below. The fungus grew up on both sides of the cover glass. For observation 1 drop of lactophenol cotton blue (7) was placed on a slide, and the cover glass was removed from the agar and placed on the drop. Then another 3 drops of stain were placed on top of the cover glass, with a larger cover glass added. Sometimes the fungus grew better on one side of the cover glass than on the other. With this technique, both sides were preserved for use.
Further morphological evaluation and identification were carried out on the complete medium of Raper and Krongelb (11) . This medium consists of 20 g of dextrose, 2 g of peptone, 0.5 g of MgSO4, 0.46 g of KH2PO4, 1 g of K2HPO4, 120 ,ug of thiamine hydrochloride, and 20 g of agar per liter of water. Chambers of the type described by Cole and Kendrick (3) were used for observing the mycelium for extended periods of time. The chamber consisted of a glass slide (50 by 75 by 1 mm) with an 18-mm hole bored 15 to 20 mm from one end. A 2-mm-wide slit extended from the hole to the edge of the slide and was about 40 mm long. A cover glass (24 by 60 mm) was attached with petrolatum to the bottom of the chamber to cover the hole and slit. The hole was then filled with the agar medium. When the medium solidified, excess was removed with a sharp razor blade to make the agar surface even with the glass surface. The agar in the half of the chamber nearest the slit was then removed, and the inoculum was placed against the cut edge of remaining agar. Then another cover glass (24 by 60 mm) was attached with petrolatum to the upper side of the chamber to cover the hole and slit. The end of the slit at the edge of the slide was left open for gas exchange. Fungal growth occurred primarily on the cover glasses. The entire chamber could be placed under the microscope for prolonged observation of the various stages of maturation, even under an oil immersion objective.
RESULTS

Pathology. Sinus contents consisted of necrotic debris.
Staining with hematoxylin and eosin and with Gomori methenamine silver with eosin counterstain revealed cellular material admixed with large amounts of bacteria and thickwalled hyphae. The latter contained rare clamp connections and occasional short, aborted hyphal outgrowths (Fig. 1) . Mucosal sections showed severe acute and subacute inflammation with no actual invasion of hyphae.
Bacteriology. Isolated on the BAPs, chocolate agar, CNAs, and thioglycolate broth were moderate growths of nonhemolytic streptococci, not group D, and light growths of mold, which were sent to the hospital mycology laboratory for identification. The mold was later identified as the same fungus that had been isolated from mycological cultures of the surgical material. No other organisms were found.
Mycology. Cultures of surgically obtained sinus contents supported good growth of white woolly mold on SDA at 30 and 37°C in 10 days. The colony reverse became light brown on aging. The mold was inhibited on Mycosel. Basidiocarps did not develop on tubed SDA, although clamp connections were observed in lactophenol cotton blue mounts. After incubation for 3 weeks on SDA plates and on potato flakes agar plates the mold formed macroscopic white, tubeshaped, leathery basidiocarps at the colony periphery (Fig.  2) .
We identified our patient isolate as the medusoid variant of S. commune, a mutant first described by Raper and Krongelb (11) . Usually, isolates of S. commune form characteristic fan-shaped basidiocarps with split gills (Fig. 3) . In our isolate, the original sporophore gave rise to branches in various directions (Fig. 4a and b) , and the tips of some of these branches contained small cavities (Fig. 4c ) in which typical basidia and basidiospores were formed. Sometimes the edges of a cavity developed to a limited degree, producing small gills with surfaces oriented in random directions (Fig. 4d) .
Mycelia from our isolate did not produce numerous tubercles (small, lateral hyphal projections) until several days elapsed. Tubercles were sparse and were discovered microscopically on only a small percentage of hyphae after 3 days, but after 7 days they were much more numerous (Fig. 5 ). There was a continuum of hyphal diameters from 1.5 to 6 ,um or more, rather than two distinct sizes of hyphae, 1 to 3 ,um and S to 8 ,um, as previously reported (10, 15) . A clamp connection developed at essentially every septum. DISCUSSION S. commune is a well-known fungus, having been reported as a plant pathogen from 150 countries and every continent except Antarctica (15) . It attacks a wide range of host trees, both angiosperms and gymnosperms. On wood the basidiocarps are 2 to 30 mm or more in diameter, more or less villose or tomentose when young, but later they may become smooth. They are white when young but become grayish at maturity. The split gills (Fig. 3) are the most distinctive and unique feature of this fungus. Previous workers (10, 15) found that S. commune can be identified with reasonable certainty in culture by observing two kinds of hyphae: narrow filaments to 3 ,um in diameter and wider ones that are S to 8 jm in diameter. In our isolate a continuum of hyphal diameters occurred rather than two distinct classes. Many of the wider hyphae have small lateral projections, or tubercles, which Nobles (10) considered diagnostic for the species. She stated that these structures are always present but are easily overlooked (Fig. 5) . A typical hypha has a clamp connection at every septum. The few branches that do arise do so near septa. Another factor useful in identifying this fungus is the possession of extracellular oxidases. These are the enzymes that digest lignin from wood and produce a white rot. Presence of the enzymes can be detected in culture by placing 1 drop of alcoholic gum guaiac (0.5 g in 30 ml of 95% ethanol solution) on the mycelium. A blue spot forms immediately if the enzymes are present.
Development of a normal basidiocarp (15) formation of a column that grows toward the light. A small cavity, in which basidia develop, forms in the apex of the column. The tip of the column turns downward so that the cavity has the form of an inverted cup. The outer rim of the cup continues to grow, and new gill tissue is added from the rim. The basidiocarp becomes fan shaped as it enlarges, while the original column remains part of the more or less eccentric stalk. The medusoid variant is formed when the tip of the column fails to turn downward and produce new gill tissue from the rim. Instead, the column elongates and branches ( Fig. 4a and b) or thickens (Fig. 4c) . According to Raper and Krongelb (11) , the medusoid character occurs frequently in nature and is genetically complex. Offspring of some medusoid x wild-type crosses are normal, whereas in other such crosses the offspring are a mixture of medusoid and normal. Full expression of the medusoid character requires that both strains carry medusoid components. Greer and Bolanos (6) studied the pathogenic potential of S. commune in white Swiss mice. Their inoculum was the same isolate described by Restrepo et al. (12) . Three age groups of mice were treated: suckling (0 to 15 days), weanling (16 to 30 days), and adult (older than 30 days). When injected intraperitoneally with 102 viable particles of inoculum, 1 of 21 sucklings died in 8 to 10 days. At a dosage of 103 viable particles, 9 of 21 sucklings died in 8 to 10 days. None of the weanlings died after 4 weeks with intraperitoneal inoculation of 104 viable particles, and none of the adults died after similar inoculations with 103 viable particles. When weanlings and adults were treated with cortisone before injection with fungus, 15 of 20 weanlings died in week 1, whereas cortisone had no effect on susceptibility to infection in adults. Disease was produced in all age groups, with or without cortisone, and the mold affected the lymph nodes, liver, and spleen. It was concluded that induced infection follows a course characteristic of most opportunistic fungi, e.g., a progressive infection of low virulence aided by immunosuppressive agents, with death occurring in some very young animals.
In light of past research and our two case reports, it appears that S. commune can be expected to afflict the oral-nasal areas of the body. It is reasonable but unsubstantiated to conjecture that inhalation of basidiospores is the usual mode of exposure. This basidiomycete is certainly prevalent in nature. The rare human cases may reflect a compromised immune status due to antibiotic or steroid therapy, or previous underlying disorders such as diabetes or malignancy. In the future it is clear that clinical laboratories must not overlook basidiomycetes as potential opportunistic pathogens.
